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Abstract
SCARDOVIA WIGGSIAE AND STREPTOCOCCUS SOBRINUS PREVALENCE
AMONG ORTHODONTIC AND NON-ORTHODONTIC PATIENTS

By

Melissa Trumbo

Dr. Karl Kingsley and Dr. Katherine Howard, Examination Committee Chair
Professor of Biomedical Sciences
Director of Student Research
University of Nevada, Las Vegas
School of Dental Medicine
Background: Dental cavities or caries have been identified as among the most prevalent of
preventable oral conditions. However, studies are discovering new information regarding the
incidence and prevalence of several cariogenic organisms, including Streptococcus mutans (SM),
the recently discovered Scardovia wiggsiae (SW), as well as Streptococcus sobrinus (SS). These
studies have revealed varying prevalence among different populations, such as those undergoing
orthodontic treatment. Based upon this information, the main goal of the current study was to
assess the prevalence of specific cariogenic organisms (SS and SW) within saliva samples
originally obtained from a dental school-based clinic.

Methods: The protocol for this retrospective study of DNA isolated from previously collected
saliva samples was reviewed and approved by the Institutional Review Board (IRB) as exempt
research. In brief, clinical DNA samples were screened for SS and SW using quantitative
iii

polymerase chain reaction (qPCR). Demographic and subgroup (Orthodontic, non-Orthodontic)
analysis was also performed.

Results: This study found that pediatric (12-17 year old patient) samples were much more likely
to harbor either SW or SS compared with adult (>18 year old patient) samples. In addition, this
study found many more SW-positive samples among pediatric orthodontic patients compared
with either adult or pediatric non-Orthodontic patients, which may suggest this population may
be at higher risk for SW-related caries or other negative oral health outcomes. Finally, this study
found these microbial populations to be strongly linked within the same patient samples.

Conclusions: This study has demonstrated that prevalence of SW and SS may be more highly
associated with specific population subgroups, including SS observed in non-orthodontic patients
and SW found among pediatric orthodontic patients. These results also differ from previous
evidence, which found only minor and partially overlapping prevalence of these and other oral
microbes. The results of this current study may suggest that SS and SW may be more strongly
correlated within similar oral microbial communities and their presence may be directly or
indirectly linked through one or more behavioral, microbial or other factors – although more
research will be needed to determine these mechanisms.

Key words: Streptococcus sobrinus (SS), Scardovia wiggsiae (SW), saliva, prevalence
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Chapter 1
Background and Significance
Nearly four billion people are affected by oral conditions, including oral caries – which is among
the most prevalent of all childhood diseases [1,2]. Although epidemiologic studies across many
countries vary widely, most estimates suggest prevalence of dental caries among primary teeth in
children at nearly 50% [3,4]. In addition, new evidence suggests that these estimates mirror those
of permanent teeth, with many studies suggesting that prevalence may, in fact, exceed 55% [5-7].

More specifically, dental caries is the most prevalent, noncommunicable, preventable disease –
although much remains to be discovered about the prevalence of the most important cariogenic
organisms, including Streptococcus mutans (SM) and Streptococcus sobrinus (SS) among different
populations, such as those in orthodontic treatment [8-10]. For example, many studies have begun
to evaluate the role of fixed orthodontic appliances with changes to the oral ecosystem and
cariogenic risk including these organisms [11,12]. In addition, some evidence has even evaluated
these changes in cariogenic risk and microbial prevalence associated with lingual versus buccal
orthodontics

and

even

thermoplastic

aligners

versus

fixed

appliances

[13,14].

Despite these advances in oral and orthodontic research, recent evidence has revealed another
cariogenic pathogen Scardovia wiggsiae (SW) in the oral flora of dental patients with or without
the presence of SM [15,16]. This organism has been confirmed to be aciduric and predictive of
caries development in the presence or absence of other acid-producing microbes, such as SM or
Lactobacillus species [17,18]. In addition, some evidence has suggested that SW may also play a
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much more significant role in the development of caries lesions among orthodontic patients although much remains to be discovered [16,19,20].

To further this area of research, some studies from this group have evaluated the presence of SW
among pediatric and adult patients [21,22]. Further research has attempted to determine prevalence
among orthodontic and non-orthodontic patients, including pediatric and adult populations [2325]. In addition, a few of these studies have now attempted to survey the microbial ecology to
determine the additional microbial constituents that may be important to the development of SW
prevalence, such as SM [26-29].

However, few studies to date have examined the corresponding prevalence of both SW and SS
within the same patient samples - and none among orthodontic patients [30,31]. Based upon the
limited amount of information regarding SW prevalence and the potential association with SS, the
main objective of this study is to evaluate the presence of these cariogenic organisms within
clinical saliva samples obtained from a dental school-based setting.
Research Question
1. What is the prevalence of S. wiggsiae among the pediatric and adult orthodontic and nonorthodontic patient populations at UNLV-SDM?
a. Null hypothesis (H0): Prevalence of S. wiggsiae is the same among these
populations
b. Alternative hypothesis (HA): Prevalence of S. wiggsiae is different among these
populations
2. What is the prevalence of S. sobrinus among the pediatric and adult orthodontic and nonorthodontic patient populations at UNLV-SDM?
a. Null hypothesis (H0): Prevalence of S. sobrinus is the same among these
populations
2

b. Alternative hypothesis (HA): Prevalence of S. sobrinus is different among these
populations

Approval
This retrospective study of previously collected saliva samples was reviewed and approved as
Exempt by the Institutional Review Board (IRB) and Office for the Protection of Research
Subjects (OPRS) at the University of Nevada, Las Vegas (UNLV). The original protocol for the
collection of these samples and creation of the saliva repository was reviewed and approved under
protocol OPRS#1305-4466M, which was titled “The Prevalence of Oral Microbes in Saliva from
the UNLV School of Dental Medicine Pediatric and Adult Clinical Population”.

Under the original study protocols, patients 18 years of age and older (Adults) who agreed to
participate provided written Informed Consent. Patients under the age of 18 (12 – 17 years of age
in this study) who agreed to participate provided written Pediatric Assent - with the additional
requirement of an adult parent or guardian providing written Informed Consent. Participation was
voluntary and no remuneration was given or offered to any parent, patient or guardian. Inclusion
criteria included all current patients of record at UNLV-SDM. Exclusion criteria included any
patient (or parent/guardian) who declined to participate and any subject who was not a patient of
record at UNLV-SDM. In brief, each patient was asked to provide an unstimulated saliva sample
of up to 5 mL in a sterile collection tube at the time of their regularly scheduled clinical visit and
each tube was marked with a randomly generated, non-duplicated number to prevent the
identification of any patient- or medical record-specific information from entering the salivary
repository. Only basic demographic information, such as the age, sex and race or ethnicity of the
participant was noted.
3

Research Design
Screening will be facilitated by using DNA extracted from a pre-existing patient saliva
repository and processed using qPCR to identify SW and SS in the samples.

Scardovia wiggsiae
SW forward primer, GTGGACTTTATGAATAAGC
SW reverse primer, CTACCGTTAAGCAGTAAG

Streptococcus sobrinus
SS forward primer, TTCAAAGCCANGACCAAGCTAGT
SS reverse primer, CCAGCCTGAGATTCAGCTTGT

Independent (predictor) variables include:
• No brackets versus brackets (Orthodontic, versus non-Orthodontic)
• Age
• Sex
• Dependent (outcome) variable
• SW- or SS-positive qPCR screening result
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Chapter 2
Scardovia wiggsiae and Streptococcus sobrinus prevalence among orthodontic and nonorthodontic patients
This chapter has been published in Microbiology Research Journal International
and is presented in the style of that Journal. The complete Citation is:
Trumbo M, Kim N, Samiano BJ, Marrujo M, Perkins P, Foote K, Howard KM, Kingsley K.
Scardovia wiggsiae and Streptococcus sobrinus prevalence among UNLV-SDM orthodontic and
non-orthodontic patients. Microbiology Research Journal International
Role of Authors:
KK and KMH were responsible for the overall project design. BJS, MM, PP, KF, MT, and NK
were responsible for data generation and analysis. KK and MT contributed to the writing and
editing of this manuscript. All authors have read and agreed to the published version of the
manuscript.

Abstract
Background: Dental cavities or caries have been identified as among the most prevalent of
preventable oral conditions. However, studies are discovering new information regarding the
incidence and prevalence of several cariogenic organisms, including Streptococcus mutans (SM),
the recently discovered Scardovia wiggsiae (SW), as well as Streptococcus sobrinus (SS). These
studies have revealed varying prevalence among different populations, such as those undergoing
orthodontic treatment. Based upon this information, the main goal of the current study was to
assess the prevalence of specific cariogenic organisms (SS and SW) within saliva samples
originally obtained from a dental school-based clinic.
Methods: The protocol for this retrospective study of DNA isolated from previously collected
saliva samples was reviewed and approved by the Institutional Review Board (IRB) as exempt
research. In brief, clinical DNA samples were screened for SS and SW using quantitative
12

polymerase chain reaction (qPCR). Demographic and subgroup (Orthodontic, non-Orthodontic)
analysis was also performed.
Results: This study found that pediatric (12-17 year old patient) samples were much more likely
to harbor either SW or SS compared with adult (>18 year old patient) samples. In addition, this
study found many more SW-positive samples among pediatric orthodontic patients compared with
either adult or pediatric non-Orthodontic patients, which may suggest this population may be at
higher risk for SW-related caries or other negative oral health outcomes. Finally, this study found
these microbial populations to be strongly linked within the same patient samples.
Conclusions: This study has demonstrated that prevalence of SW and SS may be more highly
associated with specific population subgroups, including SS observed in non-orthodontic patients
and SW found among pediatric orthodontic patients. These results also differ from previous
evidence, which found only minor and partially overlapping prevalence of these and other oral
microbes. The results of this current study may suggest that SS and SW may be more strongly
correlated within similar oral microbial communities and their presence may be directly or
indirectly linked through one or more behavioral, microbial or other factors – although more
research will be needed to determine these mechanisms.
Key words: Streptococcus sobrinus (SS), Scardovia wiggsiae (SW), saliva, prevalence
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Introduction
Nearly four billion people are affected by oral conditions, including oral caries – which is among
the most prevalent of all childhood diseases [1,2]. Although epidemiologic studies across many
countries vary widely, most estimates suggest prevalence of dental caries among primary teeth in
children at nearly 50% [3,4]. In addition, new evidence suggests that these estimates mirror those
of permanent teeth, with many studies suggesting that prevalence may, in fact, exceed 55% [5-7].

More specifically, dental caries is the most prevalent, noncommunicable, preventable disease –
although much remains to be discovered about the prevalence of the most important cariogenic
organisms, including Streptococcus mutans (SM) and Streptococcus sobrinus (SS) among different
populations, such as those in orthodontic treatment [8-10]. For example, many studies have begun
to evaluate the role of fixed orthodontic appliances with changes to the oral ecosystem and
cariogenic risk including these organisms [11,12]. In addition, some evidence has even evaluated
these changes in cariogenic risk and microbial prevalence associated with lingual versus buccal
orthodontics and even thermoplastic aligners versus fixed appliances [13,14].

Despite these advances in oral and orthodontic research, recent evidence has revealed another
cariogenic pathogen Scardovia wiggsiae (SW) in the oral flora of dental patients with or without
the presence of SM [15,16]. This organism has been confirmed to be aciduric and predictive of
caries development in the presence or absence of other acid-producing microbes, such as SM or
Lactobacillus species [17,18]. In addition, some evidence has suggested that SW may also play a
much more significant role in the development of caries lesions among orthodontic patients although much remains to be discovered [16,19,20].

14

To further this area of research, some studies from this group have evaluated the presence of SW
among pediatric and adult patients [21,22]. Further research has attempted to determine prevalence
among orthodontic and non-orthodontic patients, including pediatric and adult populations [2325]. In addition, a few of these studies have now attempted to survey the microbial ecology to
determine the additional microbial constituents that may be important to the development of SW
prevalence, such as SM [26-29].

However, few studies to date have examined the corresponding prevalence of both SW and SS
within the same patient samples - and none among orthodontic patients [30,31]. Based upon the
limited amount of information regarding SW prevalence and the potential association with SS, the
main objective of this study is to evaluate the presence of these cariogenic organisms within
clinical saliva samples obtained from a dental school-based setting.

Methodology
Human subject approval
This retrospective study of previously collected saliva samples was reviewed and approved as
Exempt by the Institutional Review Board (IRB) and Office for the Protection of Research
Subjects (OPRS) at the University of Nevada, Las Vegas (UNLV). The original protocol for the
collection of these samples and creation of the saliva repository was reviewed and approved under
protocol OPRS#1305-4466M, which was titled “The Prevalence of Oral Microbes in Saliva from
the UNLV School of Dental Medicine Pediatric and Adult Clinical Population”.

Under the original study protocols, patients 18 years of age and older (Adults) who agreed to
participate provided written Informed Consent. Patients under the age of 18 (12 – 17 years of age
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in this study) who agreed to participate provided written Pediatric Assent - with the additional
requirement of an adult parent or guardian providing written Informed Consent. Participation was
voluntary and no remuneration was given or offered to any parent, patient or guardian. Inclusion
criteria included all current patients of record at UNLV-SDM. Exclusion criteria included any
patient (or parent/guardian) who declined to participate and any subject who was not a patient of
record at UNLV-SDM. In brief, each patient was asked to provide an unstimulated saliva sample
of up to 5 mL in a sterile collection tube at the time of their regularly scheduled clinical visit and
each tube was marked with a randomly generated, non-duplicated number to prevent the
identification of any patient- or medical record-specific information from entering the salivary
repository. Only basic demographic information, such as the age, sex and race or ethnicity of the
participant was noted.

DNA isolation
Samples were previously transferred to a biomedical laboratory for storage at -80C and subsequent
processing. In brief, each sample was thawed and DNA was immediately isolated from each
sample using the phenol:chloroform extraction method. Quantitative assessment of DNA was
determined using a spectrophotometer measuring absorbance at 260 and 280 nm. The ratio of
A260:A280 is used to determine DNA quality, with minimum qPCR screening quality at or above
a ratio of 1.65. DNA quantification was performed using absorbance at A260, calculated using an
average extinction coefficient of 0.020 for double-stranded DNA (ug/mL)/cm [32].
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qPCR screening
Screening for SW and SS was performed in duplicate using reactions containing 15 uL Fast SYBR
green, fluorescent master mix, 10 uL nuclease-free distilled water, 2.0 uL of sample DNA diluted
to a standard concentration of 10 ug/mL and 1.5 uL of forward and reverse primers specific for
each respective organism. Quantification of qPCR results was performed using the ddCT method
with 16S rRNA as the reference standard for positive control reactions. Reaction parameters
included incubation at 50C for two minutes, denaturation at 95C for ten minutes and 40 cycles of
denaturation for 15 seconds at 95 with annealing at the designated temperatures indicated
(nt=nucleotide; melting temperature=Tm) for each primer set:

Positive control, bacterial 16S rRNA
Forward 16S rRNA universal primer, 5′-ACG CGT CGA CAG AGT TTG ATC CTG GCT-3′,
Tm=76C
Reverse 16S rRNA universal primer, 5′-GGG ACT ACC AGG GTA TCT AAT-3′, Tm=62C
Annealing temperature=lower Tm (62C) - 2C= 60C.

Scardovia wiggsiae (SW)
Forward primer, 5’-GTG GAC TTT ATG AAT AAG C-3’, Tm=55C
Reverse primer, 5’-CTA CCG TTA AGC AGT AAG-3’, Tm=56C
Annealing temperature=lower Tm (55C) - 2C= 53C.

Streptococcus sobrinus (SS)
Forward primer, 5’-GAT GAT TTG GCT CAG GAT CAA TCC TC-3’, Tm=67C
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Reverse primer, 5’-ACT GAG CCA GTA GTA GAC TTG GCA ACT-3’, Tm=71C
Annealing temperature=lower Tm (67C) - 2C= 65C.

Statistical analysis
Demographic characteristics (age, sex, race/ethnicity) are reported using simple descriptive
statistics and comparisons between categorical variables were analyzed using Chi square analysis,
which is appropriate for non-parametric data. Quantitative data (including DNA concentrations)
are represented using descriptive statistics and comparisons between continuous variables were
analyzed using Student’s t-tests, which are appropriate for parametric data.
Results
Screening of the overall repository consisting of N=1,176 existing samples revealed many samples
that met either the minimum criteria for DNA concentration or DNA purity (Table 1). In brief, a
total of n=317 or 26.9% met the minimum concentration requirements for qPCR screening and
analysis. Analysis of absorbances revealed a total of n=276 or 23.5% met the minimum purity
requirement for qPCR screening and analysis. Reconciliation of these samples revealed a final
sample size of n=187 or 15.9% that met both the DNA concentration and DNA purity standards
for inclusion in this study.
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Table 1. Analysis of DNA samples.

Sample size
Average [DNA]
Average A260:A280

Samples meeting
minimum DNA
concentration
>[5 ng]
N=317
317/1176 (26.9%)
461.58 ng/uL
STD=54.19
2.02
STD=0.36

Samples meeting
minimum DNA
purity
A260:A280: >1.65
N=276
276/1176 (23.5%)
337.1 ng/uL
STD=41.52
1.89
STD=0.14

Samples meeting
DNA concentration
and purity Combined
total
N=187
187/1176 (15.9%)
315.47 ng/uL
STD=82.25
1.81
STD=0.075

Of the samples that met the minimum criteria for qPCR quality or quantity, demographic analysis
of these samples revealed that nearly equal numbers of samples from females and males were
present, which closely matched the percentages from the overall clinic population, P=0.4229
(Table 2). However, analysis of the race and ethnicity of the study sample revealed significantly
higher percentages of non-minority (White) patients among the study samples (40.6%) than the
overall clinical population (24.7%), which was statistically significant, P=0.0002.

In addition, slightly less than half of the samples identified in this study were from orthodontic
patients versus non-orthodontic patients – which closely approximated the overall objectives of
the study, P=0.4237. More in depth analysis of the patient samples revealed less than half of these
patients were derived from adults (42.8%), which also approximates the distribution of patients
among the Orthodontic clinic (34.7%), P=0.0013.
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Table 2. Study sample demographics.
Study Sample
(n=187)

UNLV-SDM Patient
Clinic Population

Statistical analysis

Females

n=92/187 (49.2%)

52.8%

χ2=0.642, d.f.=1

Males

n=95/187 (50.8%)

47.2%

P=0.4229

White (non-minority)

n=76/187 (40.6%)

24.7%

χ2=15.655, d.f.=4

Minority

n=111/187 (59.4%)

75.3%

P=0.0013

Hispanic

n=63/187 (33.7%)

52.1%

Black

n=26/187 (13.9%)

11.8%

Asian/Other

n=22/187 (11.8%)

11.4%

Orthodontic

n=86/187 (45.9%)

χ2=0.640, d.f.=1

Non-Orthodontic

n=101/187 (54.1%)

P=0.4237

Adult (>18 years)

n=80/187 (42.8%)

34.7% (Orthodontic)

χ2=2.813, d.f.=1

Pediatric (12-17 yrs)

n=107/187 (57.2%)

65.3% (Orthodontic)

P=0.0935

Each sample was then screened in duplicate using qPCR primers specific for SW (Fig. 1). These
data revealed that none of the Adult Orthodontic samples (0%) and few of the Adult nonOrthodontic samples (6.7%) harbored SW. However, this organism was significantly more
prevalent among Pediatric non-orthodontic samples (17.2%) and among the Pediatric Orthodontic
samples (26.5%), P=0.0001.
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Figure 1. qPCR screening and heat map for Scardovia wiggsiae (SW). Screening for SW DNA
revealed the majority of samples were below the limit of detection (bLOD). Cycle threshold (CT)
data revealed the highest SW prevalence among Pediatric Orthodontic samples (26.5%), fewer
among Pediatric non-Orthodontic samples (17.2%) and Adult non-Orthodontic samples (6.7%)
and none among Adult Orthodontic samples.

More detailed analysis of the SW-positive samples revealed cycle threshold (CT) counts, where
the fluorescence of the qPCR product can be detected above background levels, that ranged from
20.4 to 38.6 (Fig. 2). Less than half (44.4%) exhibited CT counts below cycle 30, while the
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majority of SW-positive samples exhibited CT counts above 30 (55.6%), ranging from 30.9 to 38.6
(CT ave.=30.76) (Fig. 2A). To further evaluate and quantify these results, relative quantification
(RQ) was evaluated compared to prepared standards of salivary samples from SW-positive patients
diluted to 10 ng/uL (CT ave. 31.9) (Fig. 2B). These data revealed RQ for the SW-positive samples
ranged between 0.63 and 1.2 (RQ ave. =0.97).

Figure 2. Cycle threshold (CT) and relative quantification (RQ) of SW qPCR data. A) Analysis of
SW-positive samples revealed CT ranging between 20.4 and 38.6 (CT ave.=30.76), which was not
22

significantly different from the SW-positive controls (CT ave.=31.9), P=0.881. B) Comparison of
these data with SW-positive controls revealed RQ between 0.63 and 1.2 (RQ ave.=0.97), which
was not significantly different (P=0.781).

Each sample was then screened in duplicate using qPCR primers specific for SS (Fig. 3). These
data revealed that none of the Adult Orthodontic samples (0%) harbored SS, however a higher
percentage of the Adult non-Orthodontic samples (15.6%) did, P-0.0001. In addition, this organism
was found among Pediatric Orthodontic samples (4.1%), but in significantly higher percentages
among the Pediatric non-Orthodontic samples (32.7%), P=0.0026.
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Figure 3. qPCR screening and heat map for Streptococcus sobrinus (SS). Screening for SS DNA
revealed the majority of samples were below the limit of detection (bLOD). Cycle threshold (CT)
data revealed the highest SS prevalence among Pediatric non-Orthodontic samples (32.7%), fewer
among Adult non-Orthodontic samples (15.6%) and Pediatric Orthodontic samples (4.1%) and
none among Adult Orthodontic samples.

More detailed analysis of the SS-positive samples revealed cycle threshold (CT) counts that ranged
from 25.1 to 35.2 (Fig. 4). More than two-thirds (67.7%) exhibited CT counts above cycle 30,
while a smaller percentage of SS-positive samples exhibited CT counts below 30 (32.3%), (CT
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ave.=31.13) (Fig. 4A). To more quantify these results, relative quantification (RQ) was evaluated
compared to prepared standards of salivary samples from SS-positive patients diluted to 10 ng/uL
(CT ave. 30.3) (Fig. 4B). These data revealed RQ for the SS-positive samples ranged between 0.97
and 1.27 (RQ ave. =1.03).

Figure 4. Cycle threshold (CT) and relative quantification (RQ) of SS qPCR data. A) Analysis of
SS-positive samples revealed CT ranging between 25.1 and 35.2 (CT ave.=31.13), which was not
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significantly different from the SS-positive controls (CT ave.=30.3), P=0.682. B) Comparison of
these data with SS-positive controls revealed RQ between 0.97 and 1.27 (RQ ave.=1.03), which
was not significantly different (P=0.892).

To visualize these results and to determine the correlation and prevalence of these organisms
within the samples, a logic (Venn) diagram was created (Fig. 5). This graphic display revealed that
within the Adult non-Orthodontic samples all of the SW-positive samples were also SS-positive although not all SS-positive samples harbored SW (SS:SW ratio 0.42). Similarly, within the
Pediatric non-Orthodontic samples all of SW-positive samples also harbored SS - although not all
of the SS-positive samples harbored SW (SS:SW ratio 0.52). In both Adult and Pediatric nonOrthodontic samples, a greater proportion of these samples harbored SS and all of the SW-positive
samples were found within the SS-positive sample subgroups. Although none of the Adult
Orthodontic samples were positive, the results from the Pediatric Orthodontic samples revealed a
striking difference with all of the SS-positive samples found within the SW-positive samples - and
a much greater number of samples testing SW-positive overall (SW:SS ratio 0.15).
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SS-positive

SS-positive
SW-positive
SWpos.

Adult non-Orthodontic
SS:SW-positive ratio 0.42

SW-positive
SSpos.

Pediatric non-Orthodontic
SS:SW-positive ratio 0.52

Pediatric Orthodontic
SW:SS-positive ratio 0.15

Figure 5. Graphic analysis of microbial prevalence among positive samples. Plotting SS- and SWpositives samples revealed all SW-positive samples and non-Orthodontic patients were within the
SS-positive subgroups. Pediatric Orthodontic samples harbored more SW-positive samples, which
harbored a smaller proportion of the SS-positive samples.

Discussion
Based upon the limited amount of information regarding SW prevalence and the association with
SS, the main objective of this study was to evaluate the presence of these cariogenic
microorganisms within clinical saliva samples obtained from a dental school-based setting. These
results demonstrated several novel findings that will require further study to understand the clinical
implications and potential guidelines and recommendations that might need to be modified.

First, this study found that pediatric (mainly teenage) samples were much more likely to harbor
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either SW or SS compared with adult samples. This may be related to two separate inter-related
factors. First, there is some evidence to suggest that adults over the age of 18 years seeking
orthodontic treatment may be more highly motivated to maintain high standards of hygiene during
orthodontic treatment compared with pediatric patients that might be under treatment at the request
of parents or guardians [33,34]. In addition, there may also be some evidence to suggest that adults
may be more highly motivated to maintain higher standards of oral hygiene to control halitosis,
which may be related to the ability to work and comply with workplace standards of hygiene that
may be more stringent than found among middle or high school classroom environments [35].
Finally, the differences between these two populations may also be related to the expression of
hormones among the younger teenage population – a key modulating influence of the oral
microbiome that may influence and mediate the prevalence of these organisms [36].

Second, the analysis of prevalence from this study found many more SW-positive samples among
pediatric orthodontic patients compared with either adult or pediatric non-Orthodontic patients,
which may suggest this population may be at higher risk for SW-related caries or other negative
oral health outcomes [37]. Whether this is related to hygiene or other influences related to
orthodontic treatment is not within the scope of this study but are factors that should be further
explored in future studies to determine why this observation has been made in several studies of
this nature [22-29,38]. In addition, the observation that all the SW- and SS-positive samples were
present in mutual overlapping samples may suggest that some microbial interactions may be
associated with their propagation or other commensal mechanisms may influence their mutual
growth within the same environments. However, the striking shift from SS-positive to SW-positive
samples between pediatric non-Orthodontic and pediatric Orthodontic patients does suggest that
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some effect of orthodontic therapy may influence the relative proportion of these organisms within
the same microbial environment.

As with all retrospective studies, there are several limitations that should be considered when
evaluating these results. First, there was no clinical information regarding the hygiene status, caries
risk or caries experience (decayed, missing, filled teeth or DMFT) recorded with these samples
during the original collection - limiting the clinical inferences that can be made between these
various population subgroups. In addition, no information regarding the length of orthodontic
treatment was obtained during the original sample collection, which might provide valuable
information regarding the timing and strength of influence this variable might have on the results
observed. Finally, the original sample collection was a cross-sectional study - with only one sample
collected from each patient at one time point from one specific dental school-based clinical
population. Therefore, no pre- and post-analysis of microbial prevalence was possible, which could
mean that differences in pre-existing microbial populations and the particular patients within this
specific clinical population may have also influenced the outcomes observed in this study. To
address these limitations, future research studies might include more detailed clinical information
(such as DMFT scores), as well as pre- and post-treatment analysis from additional patients derived
from other clinics to validate the results observed from this study.
Conclusions
The results of this study provide some evidence that SW and SS microbial prevalence may be
associated with specific population subgroups, such as SS within non-orthodontic patients and SW
within pediatric orthodontic patients. Unlike previous studies, which demonstrated partially
overlapping prevalence of oral microbes - these observations suggest that SS and SW may be
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strongly associated within oral microbial communities and their presence may be directly or
indirectly linked through one or more factors yet to be determined. Future research will be needed
to more fully understand these complex and interdependent relationships.
Consent
As per international standard or university standard, patient’s written consent has been collected
and preserved by the author(s).
Ethical Approval
As per international standard or university standard written ethical approval has been collected and
preserved by the author(s).
Acknowledgements
This study is part of a Masters in Oral Biology thesis by MT. In addition, preliminary data from
this study have been submitted for presentation to the American Association for Dental Research
(AADR) 2021 conference.
Competing Interests
The authors declare no conflict of interest.
Author Contributions
KK and KMH were responsible for the overall project design. BJS, MM, PP, KF, MT, and NK
were responsible for data generation and analysis. KK and MT contributed to the writing and
editing of this manuscript. All authors have read and agreed to the published version of the
manuscript.

30

References
1. Kazeminia M, Abdi A, Shohaimi S, Jalali R, Vaisi-Raygani A, Salari N, Mohammadi M. Dental
caries in primary and permanent teeth in children's worldwide, 1995 to 2019: a systematic review
and meta-analysis. Head Face Med. 2020 Oct 6;16(1):22. doi: 10.1186/s13005-020-00237-z.
PMID: 33023617; PMCID: PMC7541284.

2. Patil SS, Sarode SC, Sarode GS, Gadbail AR, Gondivkar S, Kontham UR, Alqahtani KM. A
bibliometric analysis of the 100 most cited articles on early childhood caries. Int J Paediatr Dent.
2020 Sep;30(5):527-535. doi: 10.1111/ipd.12641. Epub 2020 Apr 20. PMID: 32223037.

3. Hummel R, Akveld NAE, Bruers JJM, van der Sanden WJM, Su N, van der Heijden GJMG.
Caries Progression Rates Revisited: A Systematic Review. J Dent Res. 2019 Jul;98(7):746-754.
doi: 10.1177/0022034519847953. Epub 2019 May 9. PMID: 31070943; PMCID: PMC6591514.

4. Seow WK. Early Childhood Caries. Pediatr Clin North Am. 2018 Oct;65(5):941-954. doi:
10.1016/j.pcl.2018.05.004. PMID: 30213355.

5. Singh A, Purohit BM. Malnutrition and Its Association with Dental Caries in the Primary and
Permanent Dentition: A Systematic Review and Meta-Analysis. Pediatr Dent. 2020 Nov
15;42(6):418-426. PMID: 33369551.

6. Kale S, Kakodkar P, Shetiya S, Abdulkader R. Prevalence of dental caries among children aged
5-15 years from 9 countries in the Eastern Mediterranean Region: a meta-analysis. East Mediterr
Health J. 2020 Jun 24;26(6):726-735. doi: 10.6719/emhj.20.050. PMID: 32621509.
31

7. Meyer F, Enax J. Early Childhood Caries: Epidemiology, Aetiology, and Prevention. Int J Dent.
2018 May 22;2018:1415873. doi: 10.1155/2018/1415873. PMID: 29951094; PMCID:
PMC5987323.

8. Ata-Ali F, Ata-Ali J, Ferrer-Molina M, Cobo T, De Carlos F, Cobo J. Adverse effects of lingual
and buccal orthodontic techniques: A systematic review and meta-analysis. Am J Orthod
Dentofacial Orthop. 2016 Jun;149(6):820-9. doi: 10.1016/j.ajodo.2015.11.031. PMID: 27241992.

9. Enerbäck H, Lingström P, Möller M, Nylén C, Bresin CÖ, Ros IÖ, Westerlund A. Validation
of caries risk assessment methods in orthodontic patients. Am J Orthod Dentofacial Orthop. 2020
Jul;158(1):92-101.e3. doi: 10.1016/j.ajodo.2019.07.017. Epub 2020 May 21. PMID: 32448565.

10. Pramod S, Kailasam V, Padmanabhan S, Chitharanjan AB. Presence of cariogenic streptococci
on various bracket materials detected by polymerase chain reaction. Aust Orthod J. 2011
May;27(1):46-51. PMID: 21696114.

11. Shukla C, Maurya R, Singh V, Tijare M. Evaluation of role of fixed orthodontics in changing
oral ecological flora of opportunistic microbes in children and adolescent. J Indian Soc Pedod Prev
Dent. 2017 Jan-Mar;35(1):34-40. doi: 10.4103/0970-4388.199226. PMID: 28139480.

32

12. Klaus K, Eichenauer J, Sprenger R, Ruf S. Oral microbiota carriage in patients with
multibracket appliance in relation to the quality of oral hygiene. Head Face Med. 2016 Oct
28;12(1):28. doi: 10.1186/s13005-016-0125-x. PMID: 27793169; PMCID: PMC5084466.

13. Ata-Ali F, Ata-Ali J, Ferrer-Molina M, Cobo T, De Carlos F, Cobo J. Adverse effects of lingual
and buccal orthodontic techniques: A systematic review and meta-analysis. Am J Orthod
Dentofacial Orthop. 2016 Jun;149(6):820-9. doi: 10.1016/j.ajodo.2015.11.031. PMID: 27241992.

14. Sifakakis I, Papaioannou W, Papadimitriou A, Kloukos D, Papageorgiou SN, Eliades T.
Salivary levels of cariogenic bacterial species during orthodontic treatment with thermoplastic
aligners or fixed appliances: a prospective cohort study. Prog Orthod. 2018 Aug 1;19(1):25. doi:
10.1186/s40510-018-0230-4. PMID: 30066184; PMCID: PMC6068060.

15. Vacharaksa A, Suvansopee P, Opaswanich N, Sukarawan W. PCR detection of Scardovia
wiggsiae in combination with Streptococcus mutans for early childhood caries-risk prediction. Eur
J Oral Sci. 2015 Oct;123(5):312-318. doi: 10.1111/eos.12208. Epub 2015 Aug 25. PMID:
29917306.

16. Tanner AC, Sonis AL, Lif Holgerson P, Starr JR, Nunez Y, Kressirer CA, Paster BJ, Johansson
I. White-spot lesions and gingivitis microbiotas in orthodontic patients. J Dent Res. 2012
Sep;91(9):853-8. doi: 10.1177/0022034512455031. Epub 2012 Jul 26. PMID: 22837552; PMCID:
PMC3420397.

33

17. Henne K, Rheinberg A, Melzer-Krick B, Conrads G. Aciduric microbial taxa including
Scardovia wiggsiae and Bifidobacterium spp. in caries and caries free subjects. Anaerobe. 2015
Oct;35(Pt A):60-5. doi: 10.1016/j.anaerobe.2015.04.011. Epub 2015 Apr 28. PMID: 25933689.

18. Henne K, Gunesch AP, Walther C, Meyer-Lueckel H, Conrads G, Esteves-Oliveira M.
Analysis of Bacterial Activity in Sound and Cariogenic Biofilm: A Pilot in vivo Study. Caries Res.
2016;50(5):480-488. doi: 10.1159/000448485. Epub 2016 Sep 6. PMID: 27595541.

19. Kressirer CA, Smith DJ, King WF, Dobeck JM, Starr JR, Tanner ACR. Scardovia wiggsiae
and its potential role as a caries pathogen. J Oral Biosci. 2017 Aug;59(3):135-141. doi:
10.1016/j.job.2017.05.002. Epub 2017 May 24. PMID: 29104444; PMCID: PMC5665406.

20. Kameda M, Abiko Y, Washio J, Tanner ACR, Kressirer CA, Mizoguchi I, Takahashi N. Sugar
Metabolism of Scardovia wiggsiae, a Novel Caries-Associated Bacterium. Front Microbiol. 2020
Mar 25;11:479. doi: 10.3389/fmicb.2020.00479. PMID: 32269556; PMCID: PMC7109253.

21. Carr G, Alexander A, Nguyen L Kingsley K. Oral site specific sampling reveals differential
location for Scardovia wiggsiae. Microbiology Research Journal International, 2020. 30 (1): 4755.

22. Row L, Repp MR, Kingsley K. Screening of a Pediatric and Adult Clinic Population for Caries
Pathogen Scardovia Wiggsiae. J Clin Pediatr Dent. 2016;40(6):438-444. doi: 10.17796/10534628-40.6.438. PMID: 27805882.

34

23. Milne W, Rezaei G, Whiteley A, Kingsley K. Cariogenic pathogen Scardovia wiggsiae
screening among pediatric orthodontic patients: a pilot Study. Current Research in Dentistry. 2018,
9: 1-5. doi: 10.3822/crdsp.2018.1.5

24. Reyes N, Pollock A, Whiteley A, Kingsley K, Howard KM. Prevalence of Scardovia wiggsiae
among a pediatric Orthodontic patient population. EC Dental Science 2017; 13(5): 203-210.

25. Whiteley A, Kingsley K. Scardovia wiggsiae prevalence among adult and pediatric orthodontic
and non-orthodontic patient populations. J Med Disc. 2017, 2(3): jmd17034. Doi:
10.24262/jmd.2.3.17034.

26. BJ Streiff, M Seneviratne, K Kingsley. Screening and Prevalence of the Novel Cariogenic
Pathogen Scardovia wiggsiae among Adult Orthodontic and Non-Orthodontic Patient Saliva
Samples. International Journal of Dentistry and Oral Health (IJDOH) 2015, 1 (6). [Epub ahead of
print]

27. McDaniel S, McDaniel J, Tam A, Kingsley K. Howard KM. Oral Microbial Ecology of
Selenemonas noxia and Scardovia wiggsiae. Microbiology Research Journal International 2017,
21(3) 1-8. DOI : 10.9734/MRJI/2017/36110

35

28. McDaniel J, McDaniel S, Tam A, Kingsley K, Howard KM. Screening a Saliva Repository for
Scardovia wiggsiae and Streptococcus mutans: A Pilot Study. Journal of Advances in
Microbiology 2017, (5) 1: 1-8. doi: 10.9734/JAMB/2017/36111

29. Tam A, Kingsley K. Microbial ecology of Scardovia wiggsiae-positive and negative samples.
Journal of Scientific Discovery. 2017, 1(2): jsd17015; doi: 10.24262.jsd.1.2.17015

30. Colombo NH, Kreling PF, Ribas LFF, Pereira JA, Kressirer CA, Klein MI, Tanner ACR,
Duque C. Quantitative assessment of salivary oral bacteria according to the severity of dental
caries

in

childhood.

Arch

Oral

Biol.

2017

Nov;83:282-288.

doi:

10.1016/j.archoralbio.2017.08.006. Epub 2017 Aug 16. PMID: 28858630.

31. Keller MK, Kressirer CA, Belstrøm D, Twetman S, Tanner ACR. Oral microbial profiles of
individuals with different levels of sugar intake. J Oral Microbiol. 2017 Aug 1;9(1):1355207. doi:
10.1080/20002297.2017.1355207. PMID: 28839520; PMCID: PMC5560414.

32. Belibasakis GN, Bostanci N, Marsh PD, Zaura E. Applications of the oral microbiome in
personalized

dentistry.

Arch

Oral

Biol.

2019

Aug;104:7-12.

doi:

10.1016/j.archoralbio.2019.05.023. Epub 2019 May 24. PMID: 31153099.

33. Höchli D, Hersberger-Zurfluh M, Papageorgiou SN, Eliades T. Interventions for
orthodontically induced white spot lesions: a systematic review and meta-analysis. Eur J Orthod.
2017 Apr 1;39(2):122-133. doi: 10.1093/ejo/cjw065. PMID: 27907894.

36

34. Kumbargere Nagraj S, Eachempati P, Uma E, Singh VP, Ismail NM, Varghese E. Interventions
for managing halitosis. Cochrane Database Syst Rev. 2019 Dec 11;12(12):CD012213. doi:
10.1002/14651858.CD012213.pub2. PMID: 31825092; PMCID: PMC6905014.

35. Kapoor P, Chowdhry A. Salivary signature in forensic profiling: A scoping review. J Forensic
Dent Sci. 2018 Sep-Dec;10(3):123-127. doi: 10.4103/jfo.jfds_30_18. PMID: 31143059; PMCID:
PMC6528535.

36. Höchli D, Hersberger-Zurfluh M, Papageorgiou SN, Eliades T. Interventions for
orthodontically induced white spot lesions: a systematic review and meta-analysis. Eur J Orthod.
2017 Apr 1;39(2):122-133. doi: 10.1093/ejo/cjw065. PMID: 27907894.

37. Haas AN, Pannuti CM, Andrade AK, Escobar EC, Almeida ER, Costa FO, Cortelli JR, Cortelli
SC, Rode SD, Pedrazzi V, Oppermann RV. Mouthwashes for the control of supragingival biofilm
and gingivitis in orthodontic patients: evidence-based recommendations for clinicians. Braz Oral
Res. 2014 Jul 11;28(spe):1-8. doi: 10.1590/1807-3107bor-2014.vol28.0021. Epub 2014 Jul 11.
PMID: 25055220.

37

Chapter 3
Summary and Conclusions:
Based upon the limited amount of information regarding SW prevalence and the association with
SS, the main objective of this study was to evaluate the presence of these cariogenic
microorganisms within clinical saliva samples obtained from a dental school-based setting. These
results demonstrated several novel findings that will require further study to understand the clinical
implications and potential guidelines and recommendations that might need to be modified.

First, this study found that pediatric (mainly teenage) samples were much more likely to harbor
either SW or SS compared with adult samples. This may be related to two separate inter-related
factors. First, there is some evidence to suggest that adults over the age of 18 years seeking
orthodontic treatment may be more highly motivated to maintain high standards of hygiene during
orthodontic treatment compared with pediatric patients that might be under treatment at the request
of parents or guardians [32,33]. In addition, there may also be some evidence to suggest that adults
may be more highly motivated to maintain higher standards of oral hygiene to control halitosis,
which may be related to the ability to work and comply with workplace standards of hygiene that
may be more stringent than found among middle or high school classroom environments [34].
Finally, the differences between these two populations may also be related to the expression of
hormones among the younger teenage population – a key modulating influence of the oral
microbiome that may influence and mediate the prevalence of these organisms [35].

Second, the analysis of prevalence from this study found many more SW-positive samples among
pediatric orthodontic patients compared with either adult or pediatric non-Orthodontic patients,
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which may suggest this population may be at higher risk for SW-related caries or other negative
oral health outcomes [36]. Whether this is related to hygiene or other influences related to
orthodontic treatment is not within the scope of this study but are factors that should be further
explored in future studies to determine why this observation has been made in several studies of
this nature [22-29, 37]. In addition, the observation that all the SW- and SS-positive samples were
present in mutual overlapping samples may suggest that some microbial interactions may be
associated with their propagation or other commensal mechanisms may influence their mutual
growth within the same environments. However, the striking shift from SS-positive to SW-positive
samples between pediatric non-Orthodontic and pediatric Orthodontic patients does suggest that
some effect of orthodontic therapy may influence the relative proportion of these organisms within
the same microbial environment.

Based on the findings presented throughout this document, the null hypotheses can be
rejected and the alternative hypotheses can be accepted for research questions 1 and 2.

1. What is the prevalence of S. wiggsiae among the pediatric and adult orthodontic and nonorthodontic patient populations at UNLV-SDM?
a. Alternative hypothesis (HA): Yes, the prevalence of S. wiggsiae is different among
these populations
2. What is the prevalence of S. sobrinus among the pediatric and adult orthodontic and nonorthodontic patient populations at UNLV-SDM?
a. Alternative hypothesis (HA): Yes, the prevalence of S. sobrinus is different among
these populations
Additional findings: Are SW and SS found among the same patients or different patients? The
results of this study provide evidence to suggest that SS and SW may be strongly associated within
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the same patients (oral environments) and more research will be needed to determine the strength
and relationships between these microbes.

Limitations and Recommendations:
As with all retrospective studies, there are several limitations that should be considered when
evaluating these results. First, there was no clinical information regarding the hygiene status, caries
risk or caries experience (decayed, missing, filled teeth or DMFT) recorded with these samples
during the original collection - limiting the clinical inferences that can be made between these
various population subgroups. In addition, no information regarding the length of orthodontic
treatment was obtained during the original sample collection, which might provide valuable
information regarding the timing and strength of influence this variable might have on the results
observed. Finally, the original sample collection was a cross-sectional study - with only one sample
collected from each patient at one time point from one specific dental school-based clinical
population. Therefore, no pre- and post-analysis of microbial prevalence was possible, which could
mean that differences in pre-existing microbial populations and the particular patients within this
specific clinical population may have also influenced the outcomes observed in this study. To
address these limitations, future research studies might include more detailed clinical information
(such as DMFT scores), as well as pre- and post-treatment analysis from additional patients derived
from other clinics to validate the results observed from this study.

The results of this study provide some evidence that SW and SS microbial prevalence may be
associated with specific population subgroups, such as SS within non-orthodontic patients and SW
within pediatric orthodontic patients. Unlike previous studies, which demonstrated partially
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overlapping prevalence of oral microbes - these observations suggest that SS and SW may be
strongly associated within oral microbial communities and their presence may be directly or
indirectly linked through one or more factors yet to be determined. Future research will be needed
to more fully understand these complex and interdependent relationships.
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I, Karl Kingsley, holder of copyrighted material entitled Scardovia wiggsiae and Streptococcus
sobrinus prevalence among orthodontic and non-orthodontic patients, authored by Melissa
Trumbo, and Karl Kingsley originally published in Microbiology Research Journal International,
March 2021, hereby give permission for the author to use the above described material in total or
in part for inclusion in a Master’s thesis at the University of Nevada, Las Vegas.

I also agree that the author may execute the standard contract with ProQuest for storage and
reproduction of the completed thesis, including the materials to which I hold copyright
March 22, 2021
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